The dissimilar material joining has been similar with metallic systems commonly used in industry including carbon and low-alloy steels, stainless steel, nickel, copper, and aluminum alloys. In the engineering application uses of these materials are grown because of corrosion and erosion resistance, high temperature strength. This experimentation is present about to investigate the process parameters of welding current, welding voltage, gas flow rate in MIG welding of SS316L and Mild steel (IS2062) plate of thickness 6mm through the optimization based on Grey Relational Analysis (GRA) method to obtain the maximum weld bead penetration (MACRO) and weld area hardness. The weld area is protected from the oxidation in between of parent material and filler wire by the shielding gas (CO2). The filler wire which used to weld the materials by ER316L.The weld quality is predicted by the modeling of weld bead shape and Hardness at different zones in welded base metal is determined. Effect of process parameters on various responses like weld area hardness and maximum weld bead penetration from the hardness test and bead penetration are been investigated.
I. INTRODUCTION
The various dissimilar metals are used in various engineering applications such as nuclear power plants, coal-fired boilers, and automobile manufacturing industry. The dissimilar metals are mainly used to jointed in various applications by the various welding process such as tungsten inert gas (TIG), metal inert gas (MIG), submerged metal arc welding (SMAW), fusion welding, pressure and explosion welding, brazing, soldering. The Metal Inert Gas (MIG) welding is also known as arc welding process. It is the process produces the coordination of metals by heating both of them with an arc continuously feeding filler metal electrode and the work process. This Gas Metal Arc Welding (GMAW) is commonly referred to as MIG welding (Metal Inert Gas). It is also referred to as MAG welding (Manual Metal Arc Welding).
In the principle of MIG welding process an arc is maintained between the electrode and the work piece, by maintained arc are produced the required heat source to melt the selected metal is obtained. The molten weld pool is transferred at the end of the electrode wire. The wire feed rate is used by determination of the arc current for a given wire material and diameter. The externally supplied shielding gas are shielded the arc and weld pool in parent metals from the atmospheric contamination. In MIG process constant voltage, current power sources are used but there is another alternating current source can also be utilized. The required voltages for welding on parent metals are selected based on the thickness of the material.
Figure 1. MIG welding process
The MIG welding process having some techniques which are following as manual, partly mechanized, fully mechanized or automatic. The following Figure 1 shows the MIG welding working process. In the metal transfer across the arc process, the weld metal transfer from the electrode to the work is classified into four different types: Globular transfer, Short circuiting transfer, Pulsed spray transfer, Spray transfer. The mode of weld metal transfer is determined by the following: Welding current, Electrode size, Shielding gas, Electrode composition.
II.
LITERATURE REVIEW Nabendu Ghosh et al., [1] has investigated the gas flow rate, current, nozzle to plate distance by the MIG welding operation, drawn of material SS409 and SS316L having a 3mm thickness of sheet has optimization been done by using Taguchi-Desirability analysis to concluded by best welding parameter. Rajnish Kumar et al., [2] have investigated the output parameters of tensile strength & Hardness of the material, the parent metal AISI 304 & Low carbon Steel has selected and the metal having length 100mm, width 75mm, thickness 8mm. The hardness was determined by using S/N ratio and analysis of variance (ANOVA). N. Ghosh et al., [3] have investigated the corresponding current, gas flow rate, nozzle to plate distance is determined by the Taguchi technique. The parent metals are austenitic stainless steel AISI 316L having 65 mm x 100 mm x 3 mm thick, have been done using the MIG welding machine. Vikas Chauhan et al., [4] has investigated the ultimate tensile strength can be used to discover the influence of process parameters like current, voltage and welding speed on the stainless steel (SS304) and low carbon steel. The optimum value was found by the effect of parameters on the ultimate tensile strength by Taguchi method. N. Arunkumar et al., [5] have evaluated the tensile, bend and hardness properties. The base material is SS347H VS T91 and T91 VS T22 is welded by using both MIG and GTAW. The thickness of wall metal is 4mm & outer diameter of tubes is taken at 54mm. The higher strength and enhancement strength value is approximately 21% as compared with both welding machines. [6] has evaluated improving joint strength by the suitable weld heat inputs, welding current, arc voltage, welding speed in the parent metal of AZ31B magnesium alloy and Q235 low carbon steel plates with 200mm x 50mm x 3mm of thickness. The value of 1919-2254 J/cm is the suitable heat input to increase the mg-steel joint strength. K. Monika et al., [7] have investigated parent metals are IS2062-IS45 C8 and IS2062-IS103 Cr1 plates of sizes 250 x 100 x 10 mm. The rate of heat input parameters is mainly depending upon by voltage, current, and speed flow rate. The hardness values were observed that higher low heat input than the high heat input on both parent metals. Radha Raman Mishra et al., [8] have investigated percentage dilution of joints in MS and SS 202, 304, 310, 316 as in both MIG and TIG welding process. The SS316 and MS has the best ductility for both of MIG and TIG welding process for following input parameters taken as current, voltage and no of passes. S. R. Patil et al., [9] has evaluated the influence of the input parameters like current, voltage, and weld speed by the S/N ratio, ANOVA, and orthogonal array. The specimen which are used as AISI 1330 carbon steel and the results are performed the welding speed has majorly influences of welded joints on specimens. Yiyo Kuo et al., [10] has analyzed the GRA is mainly used to improve the procedural and calculation to found the best solution for optimum. The GRA procedure is very simple and straightforward for calculations and prioritizing i.e. the GRA method is one the best suitable for solving the multiple attribute decision making (MADM) problems.
III.
EXPERIMENTAL PROCEDURE FOR PRESENT WORK In the present study, the input parameters which are taken as welding current, voltage, and gas flow rate. The Grey Relational Analysis (GRA) and S/N ratio method were used in order to choose the process parameters with the maximum hardness and depth of penetration (MACRO) in the MIG for SS316l and IS2062 plates. The levels of parameters are listed in Table 1 . 2 and table 3 . The base material having to weld in MIG welding process, in the present study the MIG process is employed for performing semi-automated MIG welding. After the welding joint of the base material, the test is made of weld bead is performed for the quality of weld bead. In present study of MIG dissimilar welding process, the MIG welding transformer which is used as to be welded the parent material is SCR 500 (S) and the specification of transformer is followed by, permitted load at 60% duty cycle is 500A, for 100% duty cycle is 400A, Mains supply (V) is 415 ph./Hz. The MIG welding machine is shown in Fig 2 . In this experiment, the filler wire has to be selected as ER316L filler wire have flux coated and the diameter of 1.2mm. In order to reduce the possibility of carbon content is limited to the maximum of 0.03% of inter-granular carbide precipitation. The chemical composition of the ER316L is given in table 4. ER 316L is mainly used for welding low carbon molybdenum-bearing austenitic alloys. The weld parent metal joints are selected as butt joint (single square groove) with single passing weld, whichever the selected material is used to be welded on the surface by MIG welding. The buttwelded sample is made by joining of 6 mm thickness and each dimension of sample metals are100 mm length, 50 mm breadth, i.e. 100mm x 50mm x 6mm. In this welding process, there are many reaction gases are used. The Carbon Dioxide (CO2) is the most one of the reactive gas is commonly used in MIG welding and the CO2 can be used in pure (100%) form without any addition of inert gas. The CO2 is one of the least expensive of common shielding gas and pure CO2 is suitable for thick materials also provided very deep weld penetration on parent materials.
A. HARDNESS TEST
In the present study, the test is conducted on the 9 sample materials in the Rockwell machine on the welded parent materials. The Rockwell machine which is conducted hardness testing picture is shown in figure 3 . By conducting of hardness testing, mainly obtaining the hardness of the welded zone. The suitable indenter for unhardened materials is ball type of indenter, 1/16" type of ball indenter is selected for measuring the level of hardness in the present welded parent material. By applying of the load on the welded parent material is 100kgf in the Rockwell hardness machine. The hardness values of parent material are taken in the B scale reading for 1/16" ball indenter in the Rockwell hardness testing machine. The value of the experimentation results is shown in table 5. 
B. DEPTH OF PENETRATION (MACRO) TEST
The MACRO testing is mainly used to identify the depth of the welded bead penetration. The suitable welded current, voltage, and gas flow rate are given the maximum depth of the penetration in the sample materials. Generally, the macro examination is performed at 10x magnification. The sample material is mainly subjected to a Depth of Penetration (MACRO) test to an extent the DOP and weld quality. The MACRO test is also performed on the test specimens exposed to depth measurement. The hardness and depth of penetration (MACRO) values of experimentation results are shown in table 5.
The depth of penetration (MACRO) usually inspected by visually, the major visual inspection magnification is 10X. The results are made by the visual inspection of the parent materials like stainless steel 316L and mild steel (IS2062) grade B plates. The MACRO is used to inspect, whether the welded materials quality which means a quality of the weld is to be inspected in Depth of Penetration.
The major etchant for applying on the welded zone to examine the depth of penetration is given by, 10ml of HNO3 20ml of HCl 30ml of H2O. The etchant solutions were taken by aqua regia (1:3) ratio as equal values.
V. RESULTS AND DISCUSSIONS
The investigation of the effect of process parameters is performed by collected experimental data. The significant optimal process parameters are predicted by Grey Relational analysis and Taguchi Sound-to-Noise ratio.
A. GREY RELATIONAL ANALYSIS (GRA)
GRA is one of the methods related as Multiple Attribute Decision Making (MADM), The MADM is a problem-solving technique and it aims to select the best options for the various conflicts. Grey relational analysis (GRA) is a method that is used to predict the approximate sequence among a cluster of sequences using the entity called Grey Relational Grade (GRG). The responses that are measured is normalized between the range of 0 to 1. Thereafter the optimization of multiple characteristics is converted into single optimization of Grey relational grade. The data must be pre-processed to a group of sequence called" grey relational generation". Normalization is done for converting the raw data into comparable data. This process of transferring is called data processing. The following formulae are used in normalization.
If the expectation is "larger the better".
If the expectation is" smaller the better",
Where: i = 1...m, k = 1...n, m is number of experimental data items, n is the number of parameters, xi 0 (k) is the original sequence, xi * (k) is the sequences after data preprocessing, min xi 0 (k) and max xi 0 (k) are the smallest and the largest value of xi 0 (k). The relationship between the model and actual normalized experimental values is expressed in terms of grey relational coefficient following data pre-processing. The grey relational coefficient is calculated by the following formulae.
Where: Δmin and Δmax are the minimum and maximum of the series which is 0 and 1. Δi,0(k) = ||xi(k) -xi(k)|| is the difference of absolute value between xi(k) and X0(k).
The suitable optimization is done by using of Grey Relational Analysis (GRA), table 6 shows the rank for all the 9 test specimens. The GRA is one which is given the best parameter by rank method. The ranking method in GRA is based on the maximum value to minimum value. The optimized levels of experimentation have been shown in table 7. The following optimized results are made as in 26 volts of voltage, 172 amperes of the welding current and 14 L/Min of gas flow rate as shown in Figure 4 . Grey Relational Analysis (GRA) is mainly used for identification of the optimized values on the level of input parameters. 
